Febrile agglutination tests were done by using as antigens Brucella abortus, Salmonella group D, Proteus OX19, and Pasteurella tularensis. Comparison of results from 23 sera showed that the microtechnique, rapid slide, and test tube methods gave similar titers, although those from the microtechnique were generally higher. The sensitivity of the microtechnique depended upon the concentration of antigen, and, to obtain reproducible results, the optimal concentration of antigens had to be determined by preliminary titrations against specific, positive control antisera. Readability of reactions in the microtechnique was enhanced by adding the dye Safranin 0 to diluent for antigen and by use of V-type, rather than U-type, microtiter plates. Tests were also done to determine the effects of dye and salt concentrations, pH, and temperature of incubation upon the titer of agglutinations by the microtechnique. Our results indicated that the microtechnique could be used for agglutination tests involving febrile antigens. The procedure is less time-consuming than the tube method and requires less antigen and serum than the latter method or the rapid slide method.
Febrile agglutination tests were done by using as antigens Brucella abortus, Salmonella group D, Proteus OX19, and Pasteurella tularensis. Comparison of results from 23 sera showed that the microtechnique, rapid slide, and test tube methods gave similar titers, although those from the microtechnique were generally higher. The sensitivity of the microtechnique depended upon the concentration of antigen, and, to obtain reproducible results, the optimal concentration of antigens had to be determined by preliminary titrations against specific, positive control antisera. Readability of reactions in the microtechnique was enhanced by adding the dye Safranin 0 to diluent for antigen and by use of V-type, rather than U-type, microtiter plates. Tests were also done to determine the effects of dye and salt concentrations, pH, and temperature of incubation upon the titer of agglutinations by the microtechnique. Our results indicated that the microtechnique could be used for agglutination tests involving febrile antigens. The procedure is less time-consuming than the tube method and requires less antigen and serum than the latter method or the rapid slide method.
Febrile agglutination tests are still performed in the clinical laboratory in almost the same way as they were when first introduced. Two tests are presently accepted: the classic test tube dilution method introduced by Widal in 1869 and the rapid slide method (8) . Optimal concentrations of antigens are generally not determined for individual tests in either method, and a standard control serum is usually not included for the specific antigen. The tube method is expensive because of the number of dilutions and large amounts of antigen required. The fine agglutination of somatic antigens makes end points difficult to read, and various laboratories often report different titers with the same sera. Even with its disadvantages, the tube dilution procedure is the preferred test for agglutination reactions.
Slide agglutination is a rapid, simple test that requires little equipment. Small amounts of a large number of different antigens can be examined. Although recommended only as a screening test, to be confirmed by the tube method, slide agglutination has replaced the tube method in some laboratories because of the simplicity of the procedure and the clearly visible agglutination. However, several workers (2, 6, 11) 4 hr, the tubes were placed overnight in a refrigerator at 4 C and then read visually the following morning.
Before examination of the unknown sera by the microtechnique, each of the four antigens was tested to determine its optimal concentration or that dilution of antigen which gave the highest agglutination titer with specific antiserum in the microtechnique. To determine the optimal concentration, serial twofold dilutions of antigen were tested against similar dilutions of each control serum in a "block" or "checkerboard" titration ( Fig. 1) , such as used in virological investigations (1). Dilutions of antisera from 1:5 to 1:640 were made directly in microtiter plates by using 0.05-ml Microdilutors and 0.05-ml pipette droppers (Cooke Engineering Co., Alexandria, Va.), according to the procedure of Sever (10) . Antigen was first diluted in test tubes by the following procedure: 2.0 ml of 0.9% saline was added to the first five test tubes, and 4-and 8-ml amounts were added to tubes 6 and 7, respectively. With a 0.05-ml pipette dropper, eight drops (0.4 ml) of each antigen were added to tube 1; four drops (0.2 ml) to tube 2; two drops (0.1 ml) to tube 3; and one drop (0.05 ml) to tube 4. Then one drop (0.025 ml) of antigen was added from a 0.025-ml pipette dropper to tubes 5, 6, and 7. This procedure resulted in dilutions of 1:6, 1:11, 1:21, 1:41, 1:81, 1:161, and 1:321, respectively, although they were designated as 1: 5 to 1: 320 for use in block titrations. Accuracy in precise designation of dilutions of antigens was sacrificed for convenience and speed in preparation. The various dilutions of antigens were then added in 0.05-ml amounts with a 0.05-ml pipette dropper to wells containing the appropriate dilutions of antisera.
Plates were closed with plastic covers and then were incubated for 18 to 24 hr at 37 C in a walk-in incubator or at 50 or 56 C in water baths. The latter plates were sealed with plastic tape and floated on the water. After incubation, plates were placed in a refrigerator at 4 C for 2 to 4 hr. The optimal dilutions of antigen were determined by visually examining the pattern of agglutination in the plates.
The titer of unknown sera was measured in V-type microtiter plates. With a 0.05-ml pipette dropper, 0.1 ml of diluent (0.9%0 saline containing 0.2%, of Safranin 0) was added to the first well of a row, and 0.05 ml was added to the next seven wells. Sera to be tested were added to the first well with a 0.025-ml Microdilutor to make a dilution of 1:5. Then, twofold dilutions of the antisera were made by using a 0.05-ml Microdilutor to transfer diluted antiserum from the first well serially to the second, from the second to the third, etc., and then by discarding 0.05 ml from tube 7. After the addition of 0.05 ml of the optimal dilution of antigen to each well with a 0.05-ml pipette dropper, the final dilutions of serum were 1:10 to 1:1,280. The microtiter plates were sealed with plastic covers and incubated at 37 C overnight. The plates were then placed in a refrigerator at 4 C for 2 hr before being read.
Reading antigen against its specific control antiserum in a block titration (Fig. 1) 5.5 to 8.0 showed no effect on the pattern of agglutination. Salt concentrations of less than 0.5 % inhibited agglutination, but concentrations between 0.5 and 1.0% had no effect. Essentially the same end points were observed when microtiter plates were incubated at 37, 50, or 56 C. However, refrigeration at 4 C for 2 hr after incubation at all temperatures showed better differentiation between agglutination and no agglutination. As a result of these experiments, the optimal concentrations of antigens were diluted in 0.9% unbuffered saline, pH about 7.2, containing 0.2% Safranin 0. The microtiter plates were incubated overnight at 37 C and refrigerated at 4 C for 2 hr the following morning before being read.
Comparison of microtiter with conventional agglutination procedures. The titer of agglutination in the microtechnique varied depending upon the concentration of antigen (Table 3) . Salmonella group D antigen was diluted 1: 80, the optimal concentration as determined by block titration (Fig. 1) Our data demonstrate that the microtechnique can be used for febrile agglutination tests. The sensitivity of the procedure depends upon the concentration of antigen, and, for best results, the optimal concentration of antigen must be determined by titration against specific, control antiserum. Infrequent false-positive reactions apparently can be reduced by heating sera to 56 C for 30 min before testing. Incorporation of the dye Safranin 0 into the diluent permits easier differentiation between agglutination and no agglutination, and refrigeration of plates after incubation sharpens these differences. Our results suggest that the microtiter agglutination is more accurate than the rapid slide procedure, although the former method takes longer. The microtiter procedure is much less time-consuming than tube agglutination. Less antigen and serum are required by the microtiter procedure than by either of the other two. Microtiter and tube agglutination procedures give comparable results. The advantage of requiring less time and material recommends the former method for routine use. However, laboratories must remember that, irrespective of the procedure, the significant factor for diagnostic febrile agglutination tests is to demonstrate a rising titer between paired acute and convalescent sera. 
